The 1996 Tonsillectomy and Adenoidectomy Inpatient Guidelines of the American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) Pediatric Otolaryngology Committee recommended that children younger than 3 years be admitted following tonsillectomy. Recommendations for hospital observation were not included as a key action statement in the 2011 AAO-HNS Clinical Practice Guidelines for Tonsillectomy in Children.
T onsillectomy is the second most common pediatric surgery performed in the United States, with more than 530 000 procedures performed on children younger than 15 years each year. 1 As such, tonsillectomy has a significant effect on the health care system. Meier et al 2 demonstrated that the mean (SD) cost for same-day tonsillectomy and adenoidectomy procedures was $1355 ($505). Inpatient tonsillectomy results in predictably higher costs, averaging $6000 to $9000 for a 2-to 3-day admission depending on the hospital setting. 3 Financial burden on patients' families is similarly varied but important to consider, including costs of transportation, missed work, and child care; it is reasonable to assume these costs also increase with length of stay, although this has not been independently studied. Although tonsillectomy is a routine procedure performed by general and pediatric otolaryngologists, there is significant variation in preoperative, intraoperative, and postoperative patient treatment among clinicians. [2] [3] [4] In 1996, the Pediatric Otolaryngology Committee of the American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) 5 released pediatric inpatient tonsillectomy guidelines recommending admission following tonsillectomy for all children younger than 3 years. This recommendation was based on studies from the 1980s and 1990s that suggested children younger than 3 years are at greater risk for posttonsillectomy complications. The AAO-HNS published the Clinical Practice Guideline: Tonsillectomy in Children in 2011. 1 The guideline does not include a key action statement regarding which pediatric patients should be admitted after pediatric tonsillectomy, although 1 sentence in statement 5 does note that it is generally recommended that children younger than 3 years with sleep disordered breathing (SDB) be hospitalized after tonsillectomy. Not surprisingly, posttonsillectomy admission rates vary greatly across practice settings and based on patient age and comorbidities, ranging from 5% to 90%. 6 Complications following tonsillectomy have been widely studied. The most common complications include bleeding and respiratory compromise. 6 Complications have been divided into "early" complications (primary hemorrhage and respiratory compromise) and "late" complications (dehydration and secondary hemorrhage). 7 Posttonsillectomy hemorrhage occurs in approximately 2% to 3% of pediatric patients undergoing tonsillectomy, whereas respiratory compromise after pediatric tonsillectomy to treat obstructive sleep apnea (OSA) is experienced in as many as 6.4% of patients. 1, 8, 9 Despite efforts to identify patients at greatest risk for complications and implement preventative measures, unplanned encounters following pediatric tonsillectomy range from 6.3% to 7.6%. 10, 11 Findings reported in recent literature on the safety of outpatient pediatric tonsillectomy in children younger than 3 years are conflicting. 7, 9, [12] [13] [14] [15] [16] [17] The gold standard for assessing dehydration in children is based on percentage of body weight loss. 18, 19 Because low body weight is a risk factor for more severe dehydration in children with diarrheal illnesses, we hypothesized that children with low body weight were at greater risk for complication following tonsillectomy when compared with children of greater body weight. 20 The primary objective of this study was to investigate if otherwise healthy children younger than 3 years were at an increased risk for posttonsillectomy complication when compared with a similar group, children ages 3 to 6 years. A secondary objective was to determine if lower weight was associated with an increased risk for posttonsillectomy complications. Although obesity and increased body mass index are risk factors for posttonsillectomy respiratory compromise, to our knowledge, this is the first study examining the relationship between posttonsillectomy complication and weight. 21 Patient age at the time of the procedure was recorded in months and weight was recorded in kilograms. In our practice, children who weighed less than 10 kg were routinely admitted after tonsillectomy, regardless of age. Patient postoperative status was recorded, including inpatient, 23-hour observation, and outpatient (discharged from the postanesthesia care unit [PACU] ).
In an attempt to capture patients eligible for outpatient tonsillectomy, patients were excluded if they had any of the following diagnoses: metabolic disorders, chromosomal anomalies, coagulopathies, tracheotomy and/or gastrostomy dependence, craniofacial anomalies, severe developmental delay, or severe cardiac or pulmonary disease. Patients were excluded if previously diagnosed as having moderate to severe OSA as documented by a sleep study, if the patient was
Key Points
Question Is outpatient tonsillectomy safe in children younger than 3 years, and is weight in kilograms a predictor of posttonsillectomy complications?
Findings In this cohort study of 1817 patients, healthy children younger than 3 years were at an increased risk for complications following tonsillectomy; those children may also be at increased risk for complications within the first 24 hours after surgery when compared with children 3 years or older. Our data suggest that complications are independent of weight.
Meaning Children younger than 3 years may benefit from 23-hour observation after tonsillectomy; clinician judgment is crucial in determining which patients are safe for outpatient tonsillectomy.
lost to follow-up, or if the medical record was incomplete. Patients with a clinical diagnosis of SDB, OSA without a sleep study, or a normal sleep study result were included.
Patients were assessed for complication by review of PACU, emergency department, and clinic visits. Anesthesia reported respiratory events were used as a surrogate for respiratory complications in the PACU. Postoperative complaints, including respiratory distress, bleeding, poor urine output, and poor pain control that required intervention, were considered a complication. This included admission to the hospital, return to the operating room, supplemental oxygen or any other respiratory interventions, and intravenous (IV) fluid repletion. Patients who presented to the emergency department with complaints, including poor pain control, and who were not deemed to be clinically dehydrated and were discharged without IV hydration were not considered to have had a complication.
Categorical variables were summarized using proportions. The unadjusted odds ratios (ORs) and 95% CIs were determined using the χ 2 test. Adjusted ORs were found using logistic regression. Basic descriptive analysis was performed using PROC FREQ SAS/STAT software (version 9.4; SAS Institute Inc). Logistic regression was performed using PROC LOGISTIC to determine significance of potential predictors. P < .05 was considered statistically significant. Variables that were statistically significant in a univariate case were considered for a multivariate analysis. There were no significant multivariate models found, and there was no effect modification of variables in the presence of other variables.
Results
Of the 2362 patients whose medical records were reviewed, 1960 met inclusion criteria. Of those, 143 were lost to follow-up or the medical record was incomplete. A total of 1817 patients were included for final analysis ( Figure 1 ). A total of 1011 (55.6%) were male. The mean (SD) age at the time of the procedure was 46 (14) The mean (SD) age at the time of the procedure was 46 (14) months (range, 12-72 months) ( Table 1 ). The mean weight at the time of the procedure was 17 (5) kg (range, 9-43 kg). There were 33 children who weighed 10 kg or less and 1784 children who weighed more than 10 kg. Most patients (1693 [93,0%]) were treated as outpatients (discharged from the PACU). For the purposes of data analysis, 23-hour observation (106 patients [5.8%]) and inpatient (18 patients [1.0%]) were combined to represent posttonsillectomy hospitalization. A total of 95 patients (5.2%) had a postoperative complication. Of the 455 children younger than 3 years in the study, 32 (7.0%) had a complication. Of the 33 children who weighed 10 kg or less, 2 had a complication (6%). Early complications accounted for 8 of the 32 total complications (25%). Of the 1362 patients 3 years or older, 63 patients (4.6%) had a complication. Early complications accounted for 6 of the 63 total complications in children older than 3 years (9.5%). In total, 81 of the 95 complications occurred more than 24 hours postoperatively (85%). Complications included hemorrhage (primary, secondary, and requiring operative intervention), dehydration, respiratory distress, and other ( Table 2) . One patient experienced Grisel syndrome, or torticollis, and nontraumatic atlantoaxial subluxation caused by inflammation on postoperative day 4. Early complications were those that presented within the first 24 hours after surgery and included primary hemorrhage and respiratory distress. Late complications were primarily dehydration and secondary hemorrhage. All complications that occurred after 24 hours were considered late complications.
Nine patients had postoperative respiratory complications, ranging from desaturations requiring supplemental oxygen to stertor and stridor to postobstructive pulmonary edema. Each of these patients experienced respiratory distress or airway obstruction in the PACU and was admitted to the hospital for at least 23-hour observation.
Of the 95 patients who experienced complications, 13 developed complications in the PACU and remained in the hospital, either for 23-hour observation or inpatient admission. Those 13 patients included each of the 9 patients who developed respiratory complications, 3 patients who developed primary hemorrhage, and 1 patient who refused oral intake for 6 days. Twelve of the patients with complications were treated in the emergency department and discharged home without admission; each was diagnosed as having clinically significant dehydration. Seventy patients required readmission for IV fluids and/or return to the operating room to control hemorrhage, with an overall unplanned readmission rate for the cohort of 3.9%. Complications related to bleeding and dehydration occurred as early as postoperative day zero and as late as postoperative day 14. The average day of presentation to the ER with complications relating to dehydration or bleeding was postoperative day 6 (3) days.
Children younger than 3 years were significantly more likely to experience a posttonsillectomy complication than those 3 years or older. The odds of having a complication in children younger than 3 years was 1.5 times greater than it was in those 3 years or older (OR, 1.56; 95% CI, 1.00-2.42). However, when controlled for patients admitted overnight, statistical significance was not achieved between the 2 groups (OR, 0.61; 95% CI, 0.37-0.99). The children admitted to the hospital had a much greater risk of experiencing a complication than those who were treated as outpatients, independent of age. The odds of having a complication in children who were admitted were 3.5 times greater than in children treated as outpatients (OR, 3.49; 95% CI, 2.02-6.05). When examining total complications, children younger than 3 years were more likely to experience an early complication than children 3 years or older (25.0% vs 9.5%; OR, 3.17; 95% CI, 1.00-10.11).
A logistic regression analysis was used to determine if complication rate was related to the weight of the patient independent of age. No association was found, suggesting that complications are independent of weight (area under the curve = 0.5268; P = .66). A receiver operating curve for weight is shown in Figure 2 , yielding a plot approximating the diagonal line of no discrimination, confirming no association between weight and complications in our cohort. The incidence of posttonsillectomy complications was compared in children who weighed 10 kg or less vs those who weighed more than 10 kg; there was no statistical significance between the 2 groups (OR, 1.17; 95% CI, 0.28-5.00).
Discussion
To our knowledge, this study represents the largest review of tonsillectomy complications in healthy children 6 years or younger. Children younger than 3 years (0-35) months were Our rates of overall complications (5.2%) and hemorrhage (2.9%) are consistent with complication rates documented in the literature, suggesting that our results are externally valid. 8, 14, 16, 26 Unplanned readmission occurred in 3.9% of our patients, which is slightly lower than documented revisit rates of 6% to 8%, although we did not include ambulatory or ER visits where the patient did not require intervention. 10, 11, 27 Our cohort experienced a very low rate of respiratory complications (0.5%) compared with those in the literature, which reports respiratory complications in 6.4% to 18% of children following tonsillectomy. 9, 14, 28, 29 There may have been underreporting of respiratory events in those patients with planned posttonsillectomy admissions because minor events in these patients may have been anticipated by the PACU staff. Postoperative respiratory distress has been linked to documented OSA, obesity, craniofacial anomalies, trisomy 21 and other genetic syndromes, and coexistent cardiac and pulmonary disease. 29 An abundance of literature suggests that it is not safe to perform outpatient tonsillectomy in these patients, and so they were excluded from our study. 9, [29] [30] [31] [32] We acknowledge that many patients with undiagnosed moderate to severe OSA may have been included in our study because they had not received a preoperative polysomnogram. There was a statistically significant increase in the rate of posttonsillectomy complications in children younger than 3 years compared with those ages 3 to 6 years. We also found that children younger than 3 years are significantly more likely to experience complications within the first 24 hours after surgery than children older than 3 years, although the sample size for this calculation was small and further investigation in this area is warranted. Our data support the original recommendations of the AAO-HNS Pediatric Otolaryngology Committee that children younger than 3 years should be observed in the hospital following tonsillectomy.
However, when controlling for overnight admissions, the association between age and complications is lost. There was a strong association between complications of any type and overnight admission. Although this does include complications that occurred in PACU, there was a far greater rate of late complications, such as dehydration and/or bleeding. This suggests that clinicians may be accurately assessing patients at greater risk for complications and observing those children overnight in the hospital. Not surprisingly, this also suggests that a single overnight admission does not decrease late complications, such as dehydration and bleeding. In this data set, dehydration and bleeding occurred as late as 14 days postoperatively. Benefits of overnight admission include airway observation and intervention, IV hydration, and IV pain control, but when considering delayed dehydration and hemorrhage following tonsillectomy, the advantage of a single overnight admission has not been demonstrated by prior studies and is not evident in our series. 8 A single overnight admission has not been shown to improve posttonsillectomy pain control over a 7-day postoperative period compared with outpatient tonsillectomy. 33 Poor pain control is thought to contribute to poor oral intake and thus dehydration and bleeding following tonsillectomy. 17 Although prior studies have examined body mass index and obesity as a predictor of complication after tonsillectomy, weight has not been examined to date. To our knowledge, this is the first study to determine if an association exists between weight and complications. We did not find weight to be a useful predictor of complications in our group. Comparing children who weigh 10 kg or less with children who weigh more than 10 kg at the time of surgery was also not a useful predictor of complications. One caveat is that there were only 33 children who weighed 10 kg or less in our cohort, and only 2 experienced complications. A larger sample size would permit more accurate statistical analysis of complications in children who weigh 10 kg or less, although our preliminary data did not detect a relationship. In addition, logistic regression analysis did not find a relationship between weight and complications independent of age in our cohort.
Our data suggest that age rather than weight is useful when preoperatively assessing young, healthy children for the risk of posttonsillectomy complications. This relationship between age and complications cannot be interpreted as "all healthy children younger than 3 years should be admitted"; understandably, it is much more complicated. Our data suggest that children admitted to the hospital for at least 23-hour observation following tonsillectomy are at 3.5 times greater odds for having a posttonsillectomy complication than children treated as outpatients. The greatest predictor of complications in our series was overnight admission, which is difficult to describe and characterize owing to interclinician variability. This suggests clinicians should continue to rely on their judgment when planning outpatient tonsillectomies and assessing patients for discharge in the PACU.
Limitations
Limitations of this study include those inherent to its retrospective nature. Although we captured data from 6 hospitals in southern Louisiana, we cannot account for patients with complications who did not present to the ambulatory clinics or emergency departments of these facilities. We used PACU anesthesia records as a surrogate for respiratory events in the immediate postoperative period. This is consistent with other retrospective analyses of posttonsillectomy respiratory complications but may contribute to an artificially low rate of respiratory events. 28, 29 Although high body mass index has been examined as a predictor of respiratory complications, low body mass index has not been evaluated as a correlate for low weight and risk for dehydration. Body mass index may be a more accurate predictor of risk of dehydration than weight. This is an interesting area for future study. We excluded patients who had moderate to severe OSA as documented by polysomnography; however, patients with mild OSA and symptoms of SDB without a formal sleep study were included. Our series represents significant clinician variation; children who were observed overnight by one clinician may have been discharged by another and reason for overnight admission was not always evident on medical record review.
Although this represents the largest series of young, healthy patients undergoing tonsillectomy, the rates of complications remain low. When statistical analysis based on stratification by type of complication was attempted, often the values were too low to obtain reliable results. Stratification by type of complication would allow investigation into association of patient age and/or weight and early and late complications. Obstructive sleep apnea and respiratory complications following tonsillectomy have been an area of active interest over the past 10 years. 9, 28, 29 Respiratory distress after tonsillectomy usually presents during PACU observation after tonsillectomy, and children are admitted overnight. 9, 28, 29 Respiratory distress is an extremely rare cause for presentation to the emergency department following tonsillectomy. Poor pain control, dehydration, and hemorrhage account for revisit rates, and thus increased health care costs, following tonsillectomy. 10, 11, 27 Continued investigation into predictors of these late complications will help clinicians reduce unplanned patient encounters, readmissions, and patient morbidity following tonsillectomy, improving safety while minimizing health care costs.
Conclusions
Healthy children younger than 3 years may be at an increased risk for complication following tonsillectomy. Those children may also be at increased risk for complications within the first 24 hours after surgery when compared with children 3 years or older. Our data suggest that complications were independent of weight in our patients, although further investigation is needed. In our cohort, those patients selected for overnight observation were associated with an increased number of adverse events following tonsillectomy, suggesting that clinician judgment is crucial in determining which patients are safe for outpatient tonsillectomy.
